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The purpose of soil classification is to arrange various types of soil into 
groups according to their engineering characteristics. A classification 
system is used to find the suitability (Audia <jcL a) of for construction of 
dams, highways, foundations, ..etc. 

Soil is generally composed of a mix of several components. These 
components are described individually in the following section. 


4.1 Soil Components 

4.1.1 Boulder 

A boulder is a rounded to angular, bulky, hard, rock particle or fragment. 
The average diameter may by more than 300 mm. 
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4.1.2 Cobble 

A cobble has the same description as a boulder but with smaller average 
diameter of about 150-300 mm. Boulders and cobbles are very stable 
components, used for fills and for stabilizing slopes. Because of size and 
weight, their occurrence in natural deposits tends to improve the stability 
of foundations. 


4.1.3 Gravel (G) 

A gravel is a rounded to angular, bulky, rock particles or fragment. Its 
size is smaller than 60 mm and larger than 2 mm. Gravel can be divided 
into fine, medium and coarse. 


4.1.4 Sand (S) 

Same as gravel, but smaller in size. Sand is divided into coarse, medium 
and fine. Gravel and sand have similar engineering properties differing 
mainly in degree. They are easy to compact, little affected by moisture, 
and not subjected to frost action. Gravels are stable, resistant to erosion 
and piping more than sand. The well graded sands and gravels are 
generally less pervious and more stable than those which are poorly 
graded (uniformly graded). Irregularity of particles increases the stability 
slightly. Finer uniform sand approaches the characteristics of silt, i.e., 
decrease in permeability and reduction in stability with increasing 
moisture. 


4.1.5 Silt (M) 

The silt particle size is smaller than No. 200 sieve (# 0.075 mm). Silt is 
identified by its behavior. It is slightly or none plastic, regardless the 
moisture content. It exhibits little or no strength when air dried. 

Silt is inherently unstable, particularly when moisture is increased, with a 
tendency to become quick when saturated. It is relatively impervious, 
difficult to compact, highly susceptible to frost heave, can be easily 
eroded and subject to piping and boiling. Bulky grains reduce 
compressibility. Flakey grains increase compressibility and produce 
“elastic” silt. 
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4.1.6 Clay (C) 

Clay particles are finer than No. 200 sieve (0.075 mm). They are 
identified by their behavior. Clay can be made to exhibit plastic 
properties within a certain range of moisture, and exhibits considerable 
strength when air dried. 

The distinguishing characteristic of clay is cohesion, or cohesive strength, 
which increases with the decrease of moisture content. The permeability 
of clay is low. It is difficult to compact when wet and impossible to drain 
by ordinary means. When compacted it is resistant to erosion and piping. 
It is not susceptible to frost heave. 

Clay is subjected to expansion and shrinkage with change of moisture. 
The properties of clay are influenced not only by size and shape of 
particles, but also by their mineral composition. As mentioned before, 
clay structure and macro fabric also play important role in its engineering 
characteristics. 


4.1.7 Organic matter 
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Organic matter can be in various sizes and different stages of 
decomposition. When present, even in moderate amounts, it increases the 
compressibility and reduces the stability of the fine grained components. 
It may decay causing voids, or by chemical alteration changes the 
properties of soil. Hence, organic soils are not desirable for engineering 
uses. 
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4.2 Particle size classification (M.I.T Classification) 


In this system, soils are arranged according to the grain size. Terms such 
as gravel, sand, silt and clay are used to indicate grain size, and not 
classify the natural soil types, which are mixture of particles of different 
sizes and exhibit definite characteristics. It is preferable to use the term 
‘silt size’ and ‘clay size ‘ rather than silt and clay. 
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There are various grain size classification, the M.I.T (Massachusetts 
institute of technology) system is widely used, Fig. 4.1. 
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Fig. 4.1 M.I.T. particle size classification 
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4.3 Textural classification 
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Soils occurring in nature are composed of different percentages of sand, 
silt and clay particles. The classification of a composite soil based only 
on size distribution is called textural classification. 


The best know classification system is the triangular classification, 
Fig.4.2. it is based on the concept that the percentages of clay and silt, 
which normally surround and link the coarse particles, are more 
significant to the soils behavior than its numeric value implies, Fig. 4.3. 
Such classification is more suitable for describing coarse grained soils 
rather than clay soils whose properties are less dependant on the particle 
size distribution. 


To use the chart for given percentages of the three components forming 
soil, lines are drawn parallel to the three sides of the triangle, in the 
direction of the shown arrows. These lines will meet inside a division in 
which the name of the soil group is given. In case gravel size particles, 
the percentages of sand, silt and clay are readjusted such that their total 
become virtually 100% classification of the soil is firstly determined from 
the triangular chart, secondly, a term is added to the soil description in 
which the gravel content is presented. 
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Fig. 4.2 Triangular soil classification 
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4.4 Unified soil classification 
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The Unified Soil Classification is based on both grain size distribution 
and plasticity properties of the soil, therefore , it is applicable to any use. 
Soils are broadly divided into three divisions, each division is subdivided 
into several groups as shown in Fig. 4.4. 


Major divisions 


Group 

symbols 


Typical names 


Coarse 

grained 

soils 

More 

than 

50/ 

retained 
on No. 
200 
sieve 


Gravel 

50Z or more 
of coarse 
fraction 
retained on 
No. 4 sieve 


Gravels 

with 

fines 


Sands 

more than 50 
Z of coarse 
fraction 
passes No.4 
sieve 


Clean 

gravels 


Well graded gravels and gravel- 
sand mixtures, little or on fines. 


GP 


Poorly graded gravels and gravel- 
sand mixtures. Little or on fines 


GM 


Silty gravels. Gravels-sand-silt 
mixtures. 


GC 


Clayey gravels. Gravel- sand 
mixtures 


Clean 

sands 


SW 


Well graded sands and gravelly 
sands. Little or no fines. 


Classification 
on basis of 
percentage 
of fines 

GW, GP, 
SW, SP, 

GM, GC, 

SM, SC 


tt D6 ° , 

u - — > 4 

DIP 


Not meeting both criteria for GW 


Atterberg limits plot below "A" line or 
plasticity index less than 4 


SP 


Poorly graded sands and gravelly 
sands. Little or no fines 


Sands 

with 

fines 


SM 


Silty sands. Sand-silt mixtures. 


SC 


Clayey sands, sand-clay mixtures. 


Border line 
classification 
requires use 
of dual 
symbols 


1 to 3 


Atterberg limits plot above "A" line 
and plasticity index greater than 7 


u-™>6 

DIP 


Atterberg limits ploting in 
hatched area are borderline 
classification requiring use 
of dual symbols 


1 to 3 


Not meeting both criteria for SW 


Atterberg limits plot below "A" line or 
plasticity index less than 4 


Atterberg limits plot above "A" line 
and plasticity index greater than 7 


Atterberg limits ploting in 
hatched area are borderline 
classification requiring use 
of dual symbols 


Fine 

grained 

soils 

50/ or 
more 
passes 
No. 200 
sieve 


Silts and clays. 
Liquid limit 50 Z 
or less 


ML 


Inorganic silts.Very fine sands, 
rock Hour, silty or clayey line sand 


CL 


Inorganic clays of low to medium 
plasticity, gravelly clays, sandy 
clays, silty clays, lean clays 


OL 


Silts and clays. 
Liquid limit greater 
than 50 Z 


Organic silts and organic silty 
clays of low plasticity 


Inorganic silts, micaceous or 
diatomaceous fine sands or silts, 
elastic slits 


CH 


Inorganic clays of high plasticity, 
fat clays 


OH 


Organic clays of medium to high 
plasticity 


For classification of 
fine grained soils 
and fine fraction of 
coarse grained 
soils. 

Atterberg limits 
plotting in area 
bound by dash lines 
are bordering 
classifications 
requiring use of 
dual symbols. 

Equation of A-line : PI = 0.73 fLL 
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Highly organic soils 
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Peat, muck and other highly[Visual-manual identification 
organic soils _ 


Fig. 4.4 The Unified Soil Classification System 


4.4.1 Field identification procedure for fine grained soils 
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(a) Dilatancy : (Reaction to shaking) 

After removing the particles larger than No.40 sieve size , prepare 

3 

a pat of moisture soil with a volume of about 50 cm . add enough 
water, if necessary, to make the soil soft but not sticky. Place the 
pat in the opened palm of the hand and shake horizontally striking 
vigorously against the other hand several times. A positive reaction 
consists of the appearance of water on the surface of the pat which 
becomes glossy. When the sample is squeezed between the fingers, 
the water and the gloss disappear from the surface, the pat stiffens, 
finally it cracks or crumbles. The rapidity of appearance of water 
during shaking, and its disappearance during squeezing, assist in 
identifying the character of the fines in a soil. Very fine clean 
sands give the quickest and most distinct reaction, whereas a 
plastic clay has no reaction. Inorganic silt, such as typical rock 
flour, shows a moderately quick reaction. 


(b)Dry Strength : (Crushing characteristics) 

After removing particles larger than No. 40 sieve size, mould a pat 
of the soil to the consistency of putty, adding water if necessary. 
Allow the pat to dry completely by an oven, sun or air drying, and 
then test its strength by breaking and crumbling between the 
fingers. This strength is a measure of the character and quality of 
the colloid fraction contained in the soil. 

The dry strength increases with increase of plasticity. High dry 
strength is characteristic for clay of the (CH) group. A typical 
inorganic silt possesses only very slight dry strength. Silty fine 
sand and silts have about the same slight dry strength, but can be 
distinguished by the feel when powdering the dried specimen. Fine 
sand feels gritty, whereas a typical silt has a smooth feel of flour. 


(c) Toughness : (Consistency near plastic limit) 

After removing particles larger than No. 40 sieve size, a specimen 
of Soil about 5-10 cm3 is remolded to the consistency of putty. If 
too dry, water must be added, and if sticky, the specimen should 
be spread out in a thin layer and allowed to loose some moisture by 
evaporation. Then the specimen is rolled out by the hand on a 
smooth surface or between the palms into a thread about 3 mm in 
diameter. The thread is then folded and re-rolled repeatedly. During 
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this manipulation, the moisture content is gradually reduced and 
the specimen stiffens, finally looses its plasticity and crumbles, the 
pieces could be lumped together and a slight kneading. Action 
continued until the lump crumbles. The tougher the thread near the 
plastic limit, and the stiffer the lump when it finally crumbles, the 
more is the called clay fraction in the soil. Weakness of the thread 
at the plastic limit and quick loss of coherence of the lump the 
plastic limit indicates either inorganic clay of low plasticity, or 
material such as kaolin-type clays and organic clays which occur 
below the A-line. Highly organic clays have a very weak and 
spongy feel at the plastic limit. 


4.5 Examples 
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(1) For the shown particle size distribution, find the effect diameter, 
uniformity coefficient and coefficient of curvature. Describe the soil 
according to the and the Unified classification systems. 



Equivale nt diameter - mm 


From curve: DIO = 0.14 
D60 = 0.57 
D30 = 0.28 


& 


U = 

c = 


0.14 

(0.28) 2 

0.14x0.57 


0.98 
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The sample does not include either clay or silt fraction. Distribution of 
sand and gravel is as follows: 


Sand 

Gravel 

Fine 

Medium 

Coarse 

Fine 

Medium 

Coarse 

18 

45 

27 

10 

- 

- 

90 

10 


• Description according to M.I.T. system: Medium to coarse and fine 

sand, some gravel. ( jll <44-^ (jill J-ajll Ua jki. 

4 'Jwl-V 

• Description according to the Unified classification system: SP 

(2) Results of a particle size distribution test give: 

Gravel content: 6 % 

Sand content: 68 % 

Silt content: 10 % 

Clay content: 16 % 

Classify the soil according to the textural (triangular) classification 
system. 


Solution: 


The sum of clay, silt and sand contents is : 68 + 10 + 16 = 94 %. To apply 
the textural (triangular) classification system, these contents are adjusted 
as follows: 

Sand content = 68/0.94 = 72.3 %, 
silt content = 10/0.94 = 10.7 % 

Clay content = 16/0.94 = 17 % 

The point corresponding to the adjusted contents is plotted as follows: 
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Adding the effect of gravel content, the soil is classified as: Clayey sand, 
some gravel . 

(3) Given the results of sieve analysis and Atterberg limits, classify each 
soil according to the Unified classification system. 


Soil 

% pass. 

% pass. 

DIO 

D30 

D60 

LL 

PL 


#4 

#200 

mm 

mm 

mm 

% 

% 

A 

<u 


0.045 

0.13 

0.32 

48 

20 

B 

ii 

r 

0.16 

1.2 

4.85 

- 

- 

C 

0.1 

0.32 

0.9 

36 

26 

D 

• 

A 

- 

- 

- 

73 

26 


Solution: 


Soil 

PI 

% 

U 

C 

% 

retained 
on # 4 

% pass. 

# 4 and 
retained 
on # 200 

Group 

symbol 

A 

28 

_ 

- 

2 

82 

SC 

B 

- 

30.0 

1.26 

56 

41 

GW 

C 

10 

9 

1.14 

10 

82 

SW-SM 

D 

47 

- 

- 

- 

- 

CH 
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Soil A: 

1- % finer than sieve # 200 > 12 %, then soil is GM, GC, SM or SC. 

2- > 50 % of the coarse fraction is finer than sieve # 4, then soil is S. 

3- Determine PI. 

4- From the plasticity chart, the fine fraction is C. 

5- Group symbol is SC. 

Soil B : 

1- % finer than sieve # 200 < 5 %, then soil is GW, GP, SW or SP. 

2- More than 50 % of the coarse fraction is retained on sieve # 4, then 
soil is G. 

3- U > 4 and C = 1 to 3 

4- Group symbol is GW. 

Soil C : 

1- % finer than sieve # 200 = 5 to 12 %, then dual symbol will be 
used (e.g. SW-SC, .. . 

2- More than 50 % of the coarse fraction is finer than sieve # 4, then 
soil is S. 

3- U > 6 and C = 1 to 3 

4- Soil is SW 

5- Determine PI 

6- From the plasticity chart the fine fraction is M 

7- Group symbol is SW-SM. 

Soil D : 

1- % finer than sieve # 200 > 50 %, then soil is CH, CL, MH or ML 

2- Determine PI 

3- From the plasticity chart, the Group symbol is CH. 
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4.6 Problems 


(1) The grading curves for four soils A, B, C and D are shown below. 
Classify these soils according to the M.I.T. classification system. 
Comment on the grading of soil A. 



0.001 0.01 0.1 1 10 100 


Eqmvale nt diameter - mm 


(2) Two soils A and B consist of the following: 


Soil 

Gravel 

Sand 

Silt 

Clay 

A 

_ 

68 

18 

14 

B 

12 

56 

24 

8 


Classify each soil according to the textural (triangular) classification 
system. 

(3) The data obtained from sieve analysis, liquid and plastic limit tests are 
given below. Classify each soil according to the unified classification 
system. 


Soil 

%pass 
. #200 

%pass 

.#4 

D10 

mm 

D30 

mm 

D60 

mm 

TT 

PE 

A 

15 

78 

- 

- 

- 

56 

25 

B 

6 

52 

0.15 

0.8 

3.0 

39 

30 

C 

64 

100 

- 

- 

- 

76 

42 

D 

3 

95 

0.12 

0.18 

0.33 

41 

28 

E 

84 

100 

- 

- 

- 

65 

33 

F 

8 

78 

0.1 

0.3 

0.7 

56 

27 


□ □ □ 







































